Abstract. In the present paper, the four various higher-order shear deformation theories are used to analyze the free vibration of functionally graded plate. A navier-type analytical method is used to solve the governing differential equations[1]. Natural frequencies of simply supported functionally graded plates are calculated. The present results are compared with the available published results which verify the accuracy of various higher-order theories. The influences of side to thickness ratio and power law index on the fundamental frequencies of a simply supported square functionally graded plate are also studied.
Introduction
The material properties of the fiber-reinforced laminated composite materials are discontinuous across adjoining layers which result in the delaminating mode of failure. Functionally graded plates can overcome the delaminating mode due to their continuous variation of material properties from one surface to another [2] . The functionally graded material for high-temperature applications may be composed of ceramic and metal. This paper uses various shear deformation theories of Touratier (1991), Mantari (2012) , Karama (2003) , Levinson (1980) to study the free vibration behavior of functionally graded plates. A navier-type analytical method is used to solve the governing differential equations. The present results are compared with those of Vel and Batra (2004) and Matsunaga (2008) [3, 4] .
Governing Equations and Boundary Conditions Displacement Field
The displacement field of the higher order shear deformation theory is: h is the thickness of the plate.
The Transverse Shear Function
The transverse shear function in Touratier (1991) is: 
The Strain-Displacement Relationships
The strain-displacement relationships can be expressed in the form of 2  2  2  2  1  2  3  2  2  2   2  2  2  2  4  5  6  2  2  2 , , 
where c E and m E denote the elasticity modulus of the ceramic and metal, respectively. p is power law index.
Discretization of the Governing Equations and Boundary Conditions
The simply supported boundary conditions and the governing equations are satisfied by the following displacement functions [6] . 
The natural circular frequency ω can be obtained by solving the eigenvalue equations (13).
Numerical Examples
A square functionally graded plate of side a and thickness h with simply supported edges is considered. The functionally graded plate comprised of Metal (Aluminum, Al) and Ceramic (Zirconia, ZrO2 In this study, the variation of Young's modulus E is given by Eq. (11). The Poisson's ratio is assumed to be a constant through the thickness. The density of functionally graded material is given by Eq. (14) [7] . Figs. 1show the fundamental frequencies of a simply supported square functionally graded plate by the various theories (a/h=5,10, m=n=1). It can be seen from the Fig. 1 that results of Karama theory are greater than those of other theories. When the p=2, the fundamental frequencies reach to the minimum value.
Figs. 2 show the fundamental frequencies of a simply supported square functionally graded plate by the various theories (p=1,10, m=n=1). According to the Figs. 2, results of Karama theory are greater than those of other theories. When the a/h>50, the fundamental frequencies vary slightly with the increase of a/h. 
Conclusions
The various higher-order shear deformation theories are used to analyze the free vibration of functionally graded plate. A navier-type analytical method is used to solve the governing differential equations. Natural frequencies of simply supported functionally graded plates are calculated. According to the comparison of the present results of various theories with available published results, results of Karama theory are greater than those of other theories.
